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A substantially parallel array of printed wiring boards (11A-E) each support a light source element (13A-E) and a light detector element (14A-E). Each light source element is connected to all of the light detector ele ments of the other printed wiring boards by optical fibers (18) supported in arcuate grooves (16) of an opti cal backplane member (12). Each source element is also connected to a source terminal (26) and each detector element is connected to a detector terminal (27) , which permit bypass interconnections between selective source elements and detector elements. In another em bodiment (FIGS. 10 and 11) a broad surface (33) of the optical backplane member (32) contacts edges of the printed wiring boards (31A-C). This invention relates to optical interconnections and, 10 more particularly, to optical backplanes comprising optical fiber interconnections.
BACKGROUND OF THE INVENTION
Two important trends in modern information man-15 agement and communications technology are the in creasingly higher circuit densities used in electronic systems and the increased use of lightwaves for trans mitting information. For long distance transmission of information, optical fibers are increasingly replacing 20 conductive cable and radio transmission systems. Higher device densities are manifested as higher circuit densities on both microelectronic chips and printed wiring boards (PWBs).
Electronics systems are typically organized by 25 mounting various system components on PWBs and interconnecting the PWBs with a circuit transmission element known as a backplane. The backplane may include various socket elements for receiving printed wiring boards; the PWBs may be supported by troughs 30 or shelves in parallel arrays such that they contact a socket when inserted in the shelves. As the circuit den sity of the printed wiring boards increases, it becomes increasingly difficult to provide the needed backplane interconnections because, as interconnection transmis-35 sion lines become thinner, their impedances increase. Moreover, the distance over which information must be transmitted by backplane conductors is normally fairly long compared to the distances transmitted on printed wiring boards. These factors may reduce the speed at 40 which the circuits can be operated, which may defeat a principal advantage of higher circuit densities.
In addressing these problems, it has been suggested that more of the electronic system be interconnected by optical fibers or other optical waveguides. For example, 45 the paper, "Glass Waveguides on Silicon for Optical Hybrid Packaging," C. H. Henry, G. E. Blonder and R. F. Kasaranov, Journal of Lightwave Technology, Vol. 7, No. 10, October 1989 , pp. 1530 -1539 , describes a method for using photolithography to define glass opti-50 cal waveguides in a manner similar to the photolitho graphic definition of printed circuits. Such "printed circuit" optical waveguides always have a much greater loss than optical fibers, and it is recognized that they are practical only for transmitting information over a short 55 distance. Moreover, significant optical losses invariably result from abrupt changes of direction of optical wave guides so that it is difficult to use optical waveguides to transmit light from one substrate to another.
Accordingly, there has been a long-felt need for ap-60 paratus that is easy to use and that can efficiently trans mit large quantities of information between circuit com ponent substrates such as printed wiring boards.
SUMMARY OF THE INVENTION
In accordance with an embodiment of the invention, large quantities of information are transferred between adjacent flat substrate members such as printed wiring 65 2 boards by, first, providing optical input and output elements on corresponding common areas near a first edge of each flat member. For example, all of the elec tronic output of a given PWB is translated in a known manner by a laser source to constitute an optical output. An optical detector constitutes the input element for each PWB. In one embodiment, a backplane member is then arranged transverse to the parallel array of PWBs such that one edge of it contacts one edge of each PWB at or near the common area containing the optical input and output elements. A plurality of arcuate grooves for supporting optical fibers is provided in the optical back plane member which connect each optical output ele ment of each PWB with all of the optical input elements of the other PWBs. Thus, the optical backplane con tains a complex arrangement of arcuate grooves of varying depth, and each groove supports an optical fiber, such fibers connecting each optical output ele ment with all of the optical input elements of the other printed wiring boards.
If each PWB carries a conventional electronic cir cuit, each output element may be a laser source for converting electrical signals to light and each of the input elements may be a photodetector that converts optical information from various sources to electrical energy for processing by the printed wiring board. If the transmission paths on the PWB are optical wave guides, the optical outputs are the outputs of such wave guides, which are then transmitted by the optical fibers to the inputs of optical waveguides of the other PWBs which constitute the optical inputs.
Because of the low loss and large bandwidth of opti cal fibers, large quantities of information can be con verted to light in a known manner by a single laser source for transmission by optical fibers to the various photodetectors of the other PWBs. Appropriate ad dressing means accompanying each signal directs the information to the appropriate wiring board and then to the appropriate components of such printed wiring board. The optical backplane is mounted at ninety de grees with respect to the parallel array of the PWBs, and each arcuate groove is made to have a sufficiently large radius of curvature that the optical fiber is able to easily fit within the groove and transmit information with a minimum of loss. The optical fibers are, of course, much less lossy than printed optical waveguides would be.
In accordance with another feature of the invention, each optical output or optical source is connected by an optical fiber to a source terminal of the backplane mem ber and each optical input or detector is connected to a detector terminal of the backplane member. It will be seen from the description below that the backplane is an inherently complex arrangement of interconnections. Consequently, a broken or damaged optical fiber would be difficult to fix after installation and operation. By providing the source and detector terminals, one can easily provide a "jumper" interconnection between appropriate optical fibers of the source and detector terminals to bypass a broken connection of the back plane member.
In another embodiment of the invention, an optical backplane member is arranged such that a broad surface of it contacts the edges of the PWBs. The thickness of the optical backplane is sufficient to provide a suffi ciently large radius of curvature to the optical fibers which are supported on the broad surface opposite the PWBs. The optical fibers extend through apertures in 5,155,785 3 the backplane member, and because two or more aper tures can be made for each PWB, the PWB input and output elements may be located at two or more regions of each PWB. A convenient method for assembling this embodiment, as will be described below, also contrib utes to its practical utility.
These and other objects, features and advantages of the invention will be better understood from a consider ation of the following detailed description taken in con junction with the accompanying drawing. Referring now to FIGS. 1, 2, and 3, there is shown schematically a parallel array of printed wiring boards (PWBs) 11A-11E which contact along one edge thereof an optical backplane member 12. The PWBs contain on one side thereof optical source elements 13A-13E and on the other side thereof optical detector elements 14A-14E. The backplane member 12 contains a plurality of arcuate grooves 16, each of which con nects a source element 13 to one of the detector ele ments 14. The source elements 13A-3E constitute optical outputs of the PWBs and the detector elements 14A-14E constitute optical inputs for each PWB.
It is to be understood that the drawings are schematic only, are not to scale, and have been greatly simplified to aid understanding. In the interest of simplification, only the grooves associated with printed wiring boards 11A, 11C, and 11E have been shown. The purpose of the grooves 16 is to support optical fibers which, for clarity, have not been shown in FIG. 1 FIG. 4, which likewise is not to scale, shows a section of backplane element 12 containing the various grooves 16. One can see that the various arcuate grooves con verge at each source element and detector element, and in these regions the grooves 16 are made sufficiently deep to accommodate a number of optical fibers 18 equal to the number of printed wiring boards, i.e., five optical fibers.
The purpose of the arcuate grooves is to support optical fibers 18 that interconnect each source element The backplane member 12 is shown for illustrative purposes as having an arrangement of sockets for recep tion of the PWBs 11. This sort of an arrangement is used with present electrical backplanes to aid in the insertion and removal of PWBs, but it is not necessary to the practice of the invention. In concept, it is only neces sary that the source elements 13 and detector elements 14 be included in a common area on each of the PWBs near the edge of the PWB that makes contact with the backplane member 12. Conventional electrical back planes are normally located in a plane that is at ninety degrees with respect to the plane of the backplane 12. The reason for extending the backplane in the direction shown is to provide support for the optical fibers in a manner that will not require any abrupt changes in direction of the optical fibers. Thus, the arcuate or U shaped grooves can be made so as to have at all loca tions a radius of curvature which is sufficiently large to avoid significant loss by the optical fiber. If the back plane member 30 were folded to be at ninety degrees with respect to that shown, the optical fibers would then have to be abruptly bent, which would introduce loss.
The gathering of complex electrical circuitry of each PWB to a single point and the conversion of electronic signals to optical signals for transmission over a single light beam is a matter within the skill of a worker in the art. Typically, the processor 21 would add address signals to the various electronic signals being converted to optical signals, the addresses directing the signals to the appropriate destination after detection by an optical detector. Because of the large transmission capabilities of optical fibers, a single fiber is clearly practical for transmitting information between PWBs. The conver sion of optical signals to electronic signals by the photo detector and their suitable distribution are also matters within the skill of a worker in the art.
The structure of backplane member 12 is complex, with its large number of arcuate grooves of varying depths. It is anticipated that the invention will be useful for many more than five PWBs which would make the assembly of grooves even more complicated. The off setting advantage is that the backplane members can be mass produced for use as general purpose backplanes for interconnecting any of various different kinds of PWBs. Thus, in a given system, it may not be necessary to transmit information from, say, PWB 11E to PWB 11.B. Nevertheless, the invention provides that capabil ity, which in turn provides a great deal of design flexi bility in its use with any of various kinds of electronic systems. As is known, the actual size of optical fibers is very small, typically two hundred fifty microns in diam eter, and the package sizes of optical sources such as lasers and photodetectors are also quite small and do not add appreciately to the bulk of the systems. If a thinner plastic coating is used, the optical fiber diameter may be on the order of one hundred forty microns. It is antici pated that backplane members 12 can be made of plastic and made at low cost by injection molding. The optical fibers 18 can be permanently affixed in backplane mem ber 12 for future connection to PWB assemblies.
The principal motivation in devising the invention was to reduce the reactive and resistive losses of printed wiring board interconnections which can limit the speed at which such systems are operated. The same motivation may lead to the incorporation of optical waveguides on the individual printed wiring boards, an approach that is now being vigorously pursued. Indeed, all of the transmission lines on the printed wiring boards could be optical waveguides, in which event, there would be no need for separate laser sources or photode to FIG. 4 , if the optical fiber 18A interconnecting source element 13A with detector element 14E were accidentally broken, one could make a replacement interconnection by locating the optical fiber of terminal 26 connected to source element 13A and the optical fiber of terminal 27 con nected to the detector element 14E and interconnecting them with an external optical fiber. This capability makes it more practical to affix permanently the optical fibers 18 within the backplane member; for example, after the optical fibers 18 have been mounted, grooves 16 can be filled with epoxy.
From the foregoing, one can appreciate that maxi mum use of the invention may lead to entirely new methods of system organization. For example, all PWBs of different kinds of systems can be made with optical source and detector elements on common areas of the PWBs. Identical backplane members can then be used for providing interconnection, regardless of system requirements; the processors on each PWB provide the proper routing for fulfilling system requirements. Compared to conventional electronic backplanes, the optical backplane of FIG. 1 is less compact and takes up more space. Another possible disadvantage is the need to locate all of the optical inputs and outputs on identi 5,155,785 7 cal common areas of the PWBs. Referring to FIGS. 10 and 11, these problems are alleviated by using an optical backplane member 32 for supporting a plurality of printed wiring boards 31A-31C. One broad surface 33 abuts against the edges of PWBs 31A-31C, while an opposite broad surface 34 supports the interconnecting optical fibers 35, as shown in FIG. 11 . The optical fibers 35 are connected to optical fibers 36 of the printed wiring board by support elements or MAC connectors 25, which may be identical to those shown in FIGS. 8 and 9. The PWB optical fibers 36 may be connected to an optical source, an optical detector, or an optical waveguide associated with the PWB at one or at any of several locations on the PWB. As before, the optical detectors may convert incoming optical energy to elec trical energy while the optical sources may convert outgoing electrical energy to optical energy. Optical fibers 35 may also be connected to external circuitry via a MAC connector 25A preferably located near the periphery of optical backplane member 34.
The optical backplane member 32 has a sufficient thickness between opposite surfaces 33 and 34 to pro vide an appropriately large radius of curvature through which each optical fiber must be bent in making the connection between the surface 34 and the MAC con nector 25. Typical dimensions of backplane 32 are eight inches by sixteen inches by three inches in thickness. It can be shown that, for digital transmission at practical power levels, the minimum radius of curvature through which an optical fiber may be bent without incurring significant losses is one inch. A three inch thickness, while thicker than a normal electrical backplane, avoids much of the bulk of the apparatus of FIGS. 1 and 2 while still providing a sufficiently large radius of curva ture for the optical fibers to avoid significant losses. FIG. 16 shows an enlarged view of apertures 37 in optical backplane 32 through which optical fibers 35 extend. It can be seen that wall portions 38 are rounded to permit an appropriately gradual radius for the curva ture of the optical fibers after assembly has been com pleted. In addition to the optical fibers shown, optical backplane member 32 may support electrical power and/or ground lines for the PWBs; this is also true of to apply adhesive 40 to all regions of the optical fiber member 35 which are intended to be part of the optical fibers paths. This adhesive, which may be 500 or 600 series film adhesive, available from Bostick, Inc., of Boston, Mass., also covers the exposed surfaces of the peelable sheet members 39 and of connectors 28.
Referring Various modifications and embodiments of the inven tion other than those explicitly described above may be 5, 155, 785 made by those skilled in the art without departing from the spirit and scope of the invention. For example, in the embodiment of FIGS. 10 and 11, extra optical fiber connections can be made between the MAC connectors 25 and external terminals which would perform the same function as the terminals 26 and 27 of FIGS. 1 and 3, i.e., providing terminals for "jumper' connections that can substitute for broken fibers on the backplane.
We claim:
1. Interconnection apparatus comprising: a substantially parallel array of first flat members each defining thereon a plurality of transmission paths; a plurality of optical input and output elements on each of the first flat members, the optical input and output elements of each first flat member both being located within a limited area near a first edge of such first flat member and being coupled to and a plurality of optical fibers mounted in the grooves for interconnecting various input and out put elements of the first flat members. 2. The apparatus of claim 1 wherein: the optical output elements comprise light sources and the optical input elements comprise photode tectors.
3. The apparatus of claim 1 wherein:
at least certain ones of the transmission paths com prise optical waveguides and at least certain ones of the optical output elements comprise first ends of optical waveguides; and at least certain ones of the optical input elements comprise second ends of optical waveguides. 4. The apparatus of claim 1 wherein: the first flat member is a printed wiring board. 5. The apparatus of claim 4 wherein: the output elements are laser light sources and the input elements are photodetectors. 6. The apparatus of claim 1 wherein: the second flat member is substantially perpendicular to the first flat members and has a predominant plane that extends through the first flat members. 7. The apparatus of claim 6 wherein: opposite end portions of each optical fiber are con nected to different first flat members; each end portion of each optical fiber is substantially parallel to the first flat member to which it is con nected;
and the portions of each optical fiber between oppo site end portions has a substantially U-shaped con figuration. and each of the arcuate grooves have opposite ends at the first edge of the backplane member. 12. The apparatus of claim 11 wherein: opposite end portions of each optical fiber are con nected to different printed wiring boards; each end of each optical fiber is substantially parallel to the printed wiring board to which it is con nected; and the portions of each optical fiber between oppo site end portions has a substantially U-shaped con figuration with a radius of curvature that is suffi ciently large as to avoid a significant introduction of optical loss. 13. The apparatus of claim 12 wherein: the backplane member is substantially perpendicular to the printed wiring boards and has a predominant plane that extends through the printed wiring boards.
14. Interconnection apparatus comprising: and a plurality of optical fibers mounted in the grooves for interconnecting various sources and photodetectors of the first flat members, 15. The apparatus of claim 14 wherein: the first flat members are printed wiring boards. 16. Interconnection apparatus comprising: a substantially parallel array of first flat members each defining thereon a plurality of transmission paths; a plurality of optical input and output elements on the first flat members, the optical input and output elements of each first flat member being located within corresponding common areas near a first edge of such first flat member and being coupled to transmission paths of such first flat member; a plurality of first arcuate grooves in the second flat member each having ends at the first edge of the second flat member, and a plurality of second and third grooves; a plurality of first optical fibers mounted in the first grooves for interconnecting various input and out put elements of the first flat members; a plurality of second optical fibers mounted in the second grooves for interconnecting optical output the first and second terminals being exposed such that individual second optical fibers of the first terminal can be selectively connected to third individual optical fibers of the second terminal. 17. Interconnection apparatus comprising: a substantially parallel array of printed wiring boards each supporting electronic circuitry; each printed wiring board supporting a light source and a light detector; each printed wiring board further supporting means comprising the light source for converting electri cal output signals to output lightwaves and means comprising the light detectors for converting ligh twave signals to electrical input signals; a flat backplane member substantially transverse to the parallel array of printed wiring boards; a plurality of arcuate grooves in the backplane mem ber, each groove extending between a pair of printed wiring boards; an optical fiber mounted in each groove which is coupled at one end to a light source of one printed wiring board and at the other end to a light detec tor of another printed wiring board; the flat backplane member further comprising a plu rality of second and third grooves for supporting second and third optical fibers; each second optical fiber connecting a light source with a light source terminal of the backplane mem ber, and each third optical fiber connecting a light the second flat member comprises opposite substan tially planar first and second faces each having length and width dimensions substantially greater than a thickness dimension separating the first and second faces; the first face of the second flat member contacting the first edges of the first flat members; the optical fibers being supported on the second face of the second member;
and the optical fibers extending through apertures of the second flat member to contact optical input and output elements of the first flat members. 21. The apparatus of claim 20 wherein: said apertures are defined by side walls extending through the thickness of the second member, each aperture having at least one rounded side wall for supporting at least one optical fiber without sub jecting the optical fiber to an abrupt change of direction.
22. The apparatus of claim 20 wherein: at least a plurality of apertures extends through the second flat member near a junction with a single first flat member;
at least a plurality of optical fibers each has a first end extending through an aperture to couple to an optical input device of a first one of the first flat members and a second end extending through an other aperture to couple to an optical output ele ment of a second one of the first flat members.
23. The apparatus of claim 19 wherein: the second flat member comprises opposite substan tially parallel first and second faces each having length and width dimensions substantially greater 5,155,785 13 than a thickness dimension separating the first and second faces; an edge wall of the second flat member has a width equal to the thickness dimension and interconnects the first and second faces; the edge wall of the second flat member contacts the first edges of the first flat members, and the first and second faces of the second flat member is sub stantially perpendicular to the first edges of the first flat members.
24. The apparatus of claim 23 wherein: at least certain ones of the optical fibers each connect an input optical element of one flat member with an output optical element of another first flat member and are included in an arcuate groove in the first face of the second member extending between two first flat members.
25. A method for interconnecting a plurality of first flat members comprising the steps of:
forming a plurality of apertures in a second flat men ber at a plurality of locations; mounting the first flat members transversely to the second member such that edges of the first member abut a first face of a second member;
mounting optical fibers on a second face of the sec ond member opposite the first face such that they 
